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FOREWORD 

One  of  the  programs  at  the  Naval  Electronics  Laboratory,  San  Diego, 
requires  stable,  blue-green  lasing  dyes.  This  report  describes  in  de- 
tail the  preparation  of  two  closely  related  compounds,  AC2F  and  AC3F, 
which  have  proved  to  meet  this  requirement.  The  work  was  supported  in 
part  during  the  periods  July-September  1976  and  April-May  1977  under 
Task  Area  No.  F54583. 

A few  of  the  precursors  were  prepared  earlier  under  another  program 
for  the  Laser  Isotope  Separation  Group,  University  of  California's 
Lawrence  Livermore  Laboratory,  Interagency  Agreement  SANL  284-001. 
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INTRODUCTION 


As  a consequence  of  a program  to  prepare  and  evaluate  fluorescent 
materials  as  dyes  for  lasers,  two  compounds,  namely  2-oxo-6 , 9-dimethyl- 
and  2-OXO-6, 8 , 9-tr imethyl-A-trif luoromethyl-6 ,7,8, 9-tetrahydro-27/-pyrano 
[ 2 , 3-i> ] [ 1 , 8] naphthyridlne , AC2F  and  AC3F,  respectively. 


^ P.  R.  Hammond  and  R.  L.  Atkins.  "2-Keto-4-trifluoromethyl-9-methyl- 
6,7,8,9-tetrahydro-2ff-pyrano[3,2-g’]quinoline,  an  Efficient,  Stable  Laser 
Dye,"  J.  Heter.  Chem.,  Vol.  12  (October  1975),  pp.  1061. 

^ E.  J.  Schlmitschek  and  others.  "Laser  Performance  and  Stability  of 
Fluorinated  Coumarln  Dyes,"  Optics  Cormun. , Vol.  11,  No.  4 (August  1974), 
pp.  352-355. 

^ E.  J.  Schlmitschek  and  others.  "New  Laser  Dyes  With  Blue-Green 
Emission,"  Optics  Cormnun. , Vol.  16,  No.  3 (March  1976),  pp.  313-316. 

**  P.  R.  Hammond  and  others.  "Search  for  Efficient,  Near  UV  Lasing 
Dyes.  I.  Substituent  Effects  on  Bicyclic  Dyes,"  Appl.  Phys.,  Vol.  8 (1975), 
pp.  311-314, 

^ . "Search  for  Efficient,  Near  UV  Lasing  Dyes.  II.  Aza  Substi- 

tution in  Bicyclic  Dyes,"  Appl.  Phys.,  Vol.  8 (1975),  pp.  315-318. 

P.  R.  Hammond  and  others.  "Search  for  Efficient,  Near  UV  Lasing 
Dyes.  III.  Monocyclic  and  Miscellaneous  Dyes,"  Appl.  Phys.,  Vol.  9 (1976), 
pp.  67-70. 


3 


NWC  TP  5953 


1 


were  shown  to  possess  a relatively  high  stability  (reduced  photochemical 
degradation)  toward  repeated  flash  lamp  pumping.  ' > ^ This  report  de- 
scribes the  syntheses  of  these  two  compounds,  of  their  precursors,  and 
of  some  related  compounds  derived  from  the  same  precursors. 

Briefly,  several  new  2-amino-  and  2-hydroxy- 1 , 8-naphthyrldlne  com- 
pounds were  made  and  tnen  condensed  with  various  B-keto  esters,  using 
established  methods,  to  yield  derivatives  of  pyrido-  and  pyrano-naphthy- 
ridines.  The  reaction  sequences  are  shown  in  Figure  1;  procedures  for 
the  synthesis  of  both  the  precursors  and  the  dyes  are  found  in  the 
Experimental  Section.  Table  1 summarizes  pertinent  information  about 
the  preparation  and  properties  of  the  1 ,2-dlhydropyrldo-  and  2//-pyrano 
[ 2 , 3-i ] [ 1 , 8 ] naphthyridlnes . Although  nmr  spectra  were  obtained  on 
all  new  compounds  in  order  to  confirm  the  structure  assignments,  only  a 
few  representative  data  have  been  included  with  the  experimental  details. 


Several  features  about  the  reactions  involved  should  be  mentioned 
briefly.  The  quaternarizat ion  of  the  7-acetamido-4-methyl-  or  2,4- 
dlsubstituted-l,8-naphthyrldines  with  methyl  p-toluenesulfonate , ethyl 
bromoacetate  or  benzyl  chloride  occurred  primarily,  if  not  exclusively, 
on  the  nitrogen  of  the  pyrido  ring  with  the  alkyl  substituents.  The 
same  ring  was  also  reduced  when  these  quaternary  salts  were  hydrogenated; 
the  C-methyl  groups  appeared  as  doublets  (splitting  by  a methine  proton) 
in  the  nmr  spectra.  However,  when  unquaternarized  7-acetamldo-2 ,4- 
dimethyl-1 ,8-naphthyridine  was  hydrogenated  under  the  same  conditions, 
the  pyrido  ring  with  the  acetamido  group  was  reduced  to  the  tetrahydro 
derivative.  In  this  case,  the  C-methyl  groups  appeared  as  singlets  in 
the  nmr  spectrum.  Partial  hydrogenolysis  of  the  acetamido  group  also 
was  noted.  The  mode  of  hydrolysis  of  the  7-acetamido-substituted-l , 2 , 3 ,4- 
tetrahydro-1 ,8-naphthyridines  was  significantly  different  under  acidic 
and  basic  conditions,  the  former  giving  7-hydroxy  derivatives,  the  latter 
7-amlno.  Thus  convenient  entry  into  two  series  of  compounds  was  possible 
from  the  same  precursor. 


The  condensation  of  benzoylacetone  with  2 , 6-diaminopyridlne  could 
give  two  Isomers: 


H^N, 


NHo 


H2Nr<^ 


+ Cj;H5COCH2COCH3- 


and/or 


^ S.  Edward  Neister.  "The  Dye  Laser  Dye  Update,"  Optical  Spectra, 
February  1977,  pp.  34-36. 

Aaron  N.  Fletcher.  "Laser  Dye  Stability.  Part  2.  Input  Energy  Per 
Flash,  Dye  Concentration,  and  Mirror  Reflectivity  Effects,"  Appl.  Phys., 
Vol.  12  (1977),  pp.  327-332. 


« 
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(CH 200)^0 


J T (CH-iC0)20^  1 |T  \ i 


CH^CONH 


(2)  H^.Pd/CaCO^.Pd/C' 


N N , 


CH3CONH 


h‘^.H20  ^ 
CH,  1/ 


(1)  CHjQsOjCH 


CH^ 
I ^ 

,N  N 


N H 


(2)  H2,Pt,CH^C00H 

CH,COONH, 

3 4 


0H",H20 


,N  N 


R“H,  CH 
or 


R'C0CH2C02C2Hj 


C2HJOH,  Reflux 


R'-CH^  or  CFj 


R'C0CH2C02C2Hj 

155-160° 

R'=CHj,  CF^  or  C2HjO 


N . 


R'-CHj,  CFj  or  OH 


FIGURE  1.  Reaction  Stops  to  Snbst i tut od-6 , 7 , 8 , 9-tet rahyclro- 
pyrido-  and  2//-Py  rano  ( 2 . 3-7>  ] Napht  hyr  i d i nes  . 


L 


TABLE  1.  Substituted  1 , 2-Dlhydropyrldo*  and  2tf-Pyrano[  2 ,3-i>]  [ 1 .BlNaphthyrldlnea 
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The  former  structure  was  assigned  to  the  product  isolated  in  low  yield 
on  the  basis  of  the  nmr  of  its  N-methy 1-tetrahydro  derivative. 


CH3  Celh, 


I The  downfield  methine  (CH  adjacent  to  N)  was  always  a doubled  doublet  re- 

I suiting  from  the  splitting  of  the  methine  proton  by  the  H . -H 

axial  equatorial 

protons  tfiv't^he  adjacent  methylene  group.  If  the  methyl  rather  than  the 
phenyl  ^roup,  had  been  in  this  position,  this  doubled  doublet  would  have 
been  f urtherj spl it  by  the  methyl  protons  to  give  a complex  multiplet.  The 
stereochemistry  of  the  various  tetrahydro  compounds  was  not  determined. 

The  effect  of  kind  and  position  of  substituents  on  the  fluorescence 
maximum  is  the  same  as  that  observed  with  other  coumarin  and  quinolone 
dyes.*’’^  The  most  pronounced  Influence  on  the  chromophore  is  noted  with 
changes  in  the  substituents  on  the  carbonyl-containing  ring.  When  R'  is 
the  electron-withdrawing  CF3  group  (see  formula,  Table  1),  the  fluores- 
cence is  red-shifted  approximately  50  nm  with  the  azacoumarins  and 
30-35  nm  with  the  azaquinolones  compared  to  the  corresponding  compounds 
with  R'  = CH3.  An  electron-donating  group,  such  as  OCH  , causes  a 
15-20  nm  blue-shift  in  the  fluorescent  maximum  compared  to  the  analogous 
methyl  compound;  even  a methyl  group  produces  a small  blue-shift  wlien 
compared  with  the  compound  in  which  R'  = H.  Changes  in  R and  R"  influ- 
ence only  slightly  the  position  of  the  fluorescence  maximum.  The  fluor- 
escence of  the  azaqulnolone  dyes  is  always  blue-shifted  20-40  nm  over 
that  of  the  corresponding  azacoumarins. 


EXPERIMENTAL 

PRECURSORS  TO  AC2F  AND  RELATED  COMPOUNDS 

7-Acetamido-2-chl oro-4 -methyl -1 , 8-naphthyr id i ne 

This  compound  was  made  from  7-acetamido-2-hydroxy-4-methy 1-1 ,8- 
naphthyridine  by  the  procedure  of  Petrow,  Rewald,  and  Sturgeon."^  The 
latter  compound  is  also  described  by  the  same  authors. 

V.  Petrow,  E.  L.  Rewald,  and  B.  Sturgeon.  "The  Preparation  of  1:8- 
Naphthyr  id  Ines  from  2 : 6-Dlaminopyridlne , " r'.  Chc’.rv.  !iOr.  (1947),  p.  1407. 
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7j- A£s^t am ijl o-4-methyl-l  ,8-napht hyrldine 

The  above  chloro  compound  (11.8  g,  0.05  mole)  was  slurried  with  200  ml 
of  VL  potassium  hydroxide  in  95%  ethanol  , 2 g of  5%  Pd/CaCO-j  and  10-20  mg 
of  10%  Pd/r,  and  hydrogenated  at  50  psi  (344.8  kPa)  . After  an  Induction 
period  the  pressure  ra^'idly  dropped  to  46.4  psi  (319.9  kPa) . The  solution 
was  filtered  through  Celite  to  remove  the  catalyst  and  the  cake  washed 
well  with  ethanol.  The  filtrate  and  washings  were  evaporated  to  dryness. 
The  residue  was  slurried  with  25  ml  of  cold  water,  and  the  solid  filtered, 
washed  with  two  10-ml  portions  of  water  and  dried;  5.8  g (73%),  m.p.  201- 
204“C,  of  7-amino-4-methy 1-1 ,8-naphthyridine.  Ether  extraction  of  the 
mother  lic[uors  plus  washings  yielded  0.62  g (8%)  more. 

Recrystallization  of  2.5  g from  130  ml  of  9:1  benzene-ethanol  gave  a 
mixture  of  golden  needles  and  white  crusts,  both  of  which  melted  at  204.5- 
205. 5°C  and  both  of  which  had  the  same  'h  nmr  spectra.  The  IR  spectrum 
of  the  golden  needles  suggested  a hydrated  form  of  7-amino-4-methyl-l ,8- 
naphthyridine  (confirmed  by  analysis). 

Anal.  Calcd.  for  C9Hc)N3-0.5  H2O:  C,  64.27  ; H,  5.99;  N,  24.98. 

Found:  C,  64.26;  H,  b.91\  N,  24.84. 

Anal,  on  uihite  arme.ts.  Calcd.  for  C9H9N3:  C,  67.90;  H,  5.70;  N,  26.40; 
mol.  wt . 159.  Found:  C,  67.94;  H,  5.63;  N,  26.43,  mol.  wt . (mass  spec.) 

159. 

The  free  7-amino  compound  (12.0  g)  was  reconverted  to  the  7-acetamldo 
by  refluxing  with  30  ml  of  acetic  anhydride  for  1 hr.  The  cooled  solution 
was  slurried  with  100  g of  ice  plus  100  ml  of  cold  water,  neutralized  with 
sodium  bicarbonate,  warmed  to  dissolve  all  solids,  then  cooled  overnight 
at  5°C.  The  crystalline  product  was  filtered,  washed  twice  with  cold  H^O 
and  dried;  13.3  g (88%);  m.p.  248-251°C  (dec.).  An  additional  2.2  g (m.p. 
240-250°C)  could  be  recovered  by  saturating  the  remaining  aqueous  phase 
with  solium  chloride.  When  recrystallized  from  acetonitrile,  the  compound 
melted  at  252-253°C  (dec.). 

Anal.  Calcd.  for  CnH]  1N3O:  C,  65.65;  H,  5.51;  N,  20.88.  Found: 

C,  65.49;  H,  5.51,  N,  20.72. 

A small  quantity  of  a diacetylated  product,  m.p.  14 5 . 5-146 . 5°C , after 
recrystallization  from  benzene/hexane,  was  isolated  from  one  experiment. 

Anal.  Calcd.  for  C13H13N3O?:  C,  64.18;  H,  5.39;  N,  17.27.  Found: 

C,  64.16;  H,  5.45;  N,  17.32. 

7-Acetamido-l , 4-d lmethyl-1 ,8-naphthyrldinium  p-Toluenesul fonate 

7-Acetamido-4-methyl-l ,8-naphthyridine  (13.3  g;  0.066  mole)  was  re- 
fluxed for  8 hr  with  12.7  g of  methyl  p-toluenesulfonate  in  150  ml  of 
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dry  acetonitrile.  Tfie  dark  purple  solution  was  kept  at  5°C  for  several 
days;  21.8  g (85%)  of  felted  needles,  m.p.  200-202°C,  was  removed.  Addi- 
tion of  a large  volume  of  ether  to  the  mother  liquors  precipitated  2.3  g 
(9%)  more  of  the  salt;  m.p.  185-190°C.  The  nrar  was  consistent  with 
that  expected  for  the  desired  product. 


7-Acetamido-l , 4-dime thyl-L , 2 , 3 ,4-tetrahydro-l , 8-naphthyr idine 

The  previous  salt  (11.6  g;  0.03  mole)  was  hydrogenated  over  0.15  g of 
Pt02  in  100  ml  of  glacial  acetic  acid  containing  12  g of  ammonium  acetate. 
Hydrogen  uptake  essentially  ceased  after  the  pressure  dropped  from  50  to 
45  psi  (344.8  to  310.2  kPa)  after  4 hr;  the  purple  solution  became  color- 
less. The  catalyst  was  removed,  washed  once  with  20  ml  of  acetic  acid 
and  twice  with  20  ml  of  water.  The  combined  solutions  were  reduced  to 
dryness  on  a rotary  evaporator.  The  residue  was  dissolved  in  100  ml  of 
water,  cooled  to  5°C,  made  basic  and  ether  extracted  (2-100  ml);  the 
latter  extracts,  after  washing  once  with  a small  volume  of  water,  were 
dried  over  K2CO3.  Evaporation  left  5.34  g (81%)  of  off-white  solid, 
melting  sharply  at  95-96°C.  nmr  (60  MHz,  CDCll 3) : 61.20(d,  3H,  CH.CH-, 

J = 7 Hz),  1.5-2.0(m,  2H,  H3,  H3) , 2.04(s,  3H,  CH3CO) , 2.6-3.0(m,  111, 
CH3CH-),  3.03(s,  3H,  N-CH3),  3.32(t,  2H,  H?,  H2,  J = 6 Hz),  7.22(broad  s, 
•2H,  H5,  He),  8. 08  (broad  s,  IH,  -NH^-)  . 


7-Amino-l , 4-dimethyl-l , 2,3,4- tetrahydro-1 , 8-naphthyr idine  (1) 

7-Acetamido-l,4-dimethyl-l ,2,3,4-tetrahydro-l ,8-naphthyridine  (3.6  g) 
in  50  ml  of  5%  potassium  hydroxide  in  95%  ethanol  was  refluxed  for  8 hr 
under  nitrogen.  The  solvent  was  then  removed  on  a rotary  evaporator  and 
the  residue  slurried  with  30  ml  of  water.  After  cooling  to  5°C  the  solid 
product  was  removed,  washed  three  times  with  cold  water  and  dried;  2.82  g 
(97%);  m.p.  51-53°C.  The  amide  carbonyl  absorption  had  disappeared  com- 
pletely from  the  IR  spectrum,  which  was  also  different  from  that  for  the 
7-hydroxy  compound  obtained  by  acid  hydrolysis  of  the  amide.  Recrystalli- 
zation from  ^-hexane  (0.5  g/10  ml)  by  cooling  to  -15°C  furnished  coarse, 
white  grains;  m.p.  52.5-53.5°C.  ^H  nmr  (CDCI3):  4].17(d,  311,  -CH-CH3, 

J = 7 Hz),  1.69(m,  2H,  H3,  H3) , 2.72(m,  IH,  H4),  3.05(s,  3h,  NCH3). 

3.27(t,  2H,  H2,  H2),  4.10(broad  s,  2H,  NH2),  5.72(d,  IH,  H, , J = 8 Hz), 

7.02(d,  IH,  H5,  J = 8 Hz).  FI-  . EtOH,  373  nm  (excited  325  nm)  ; 

^ (max) 

FI,  . 10"^  N HCIO4  in  EtOH,  416  nm  (excited  350  nm) • 

(max) 

Anal.  Calcd.  for  C10H15N3:  C,  67.76;  H.  8.53;  N,  23.71.  Found : 

C,  68.19;  H,  8.38;  N,  23.36. 
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7-Hydroxy- 1 , met  1^1  - 1 ,2,3,A-tetrahydro- 1 . 8-naphthy r i d 1 ne 

7-Acetamido-l , A-d imethy 1-1 , 2 , 3 ,4-tet rahydro-1 , H-napht hyr id ine  (1.27  g) 
was  dissolved  in  16  ml  of  6N  hydrochloric  acid,  allowed  to  stand  3 days 
at  25“C,  then  heated  in  the  steam  bath  for  5 hr.  The  solution  was  cooled 
in  an  ice  bath,  made  basic  and  the  oily  product  which  separated  extracted 
into  ether  (some  ether  insoluble  solid  was  removed  by  filtration).  Kvap- 
oration  of  the  dried  ethereal  solution  left  0.38  g (37%)  of  a solid  melting 
at  134-136°C.  Golden  plates,  m.p.  13A-135‘’C,  were  obtained  by  recrystal- 
lization from  cyclohexane.  The  ^1  nmr  spectrum  is  consistent  with  the 
assigned  structure. 

Anal.  Galcd.  for  C10H14N2O:  C,  67.38;  H,  7 .92\  N,  15.72;  mol.  wt . 

178.2.  Found:  C,  67.36;  H,  8.02;  N,  15.61;  mol.  wt . (mass  spec.)  178. 


PRECURSORS  TO  AC3F  AND  RELATED  COMPOUNDS 


7-Amino-2 , A-dlmethyl-1 ,8-naphthyr tdine 

2 , 6-Dlaminopyridine  (43.6  g,  0.4  mole),  40.0  g (0.4  mole)  of  2,4- 
pentanedione , 200  ml  of  glacial  acetic  acid  and  5 ml  of  96%  sulfuric 
acid  were  mixed,  then  refluxed  with  stirring  for  24  hr.  The  cold  solu- 
tion was  added  slowly  with  good  stirring  and  Ice  bath  cooling  to  160  g 
of  sodium  hydroxide  In  enough  water  to  make  600  ml.  The  brown  solid, 
which  crystallized,  was  filtered  after  the  solution  had  been  cooled 
overnight  at  5°C,  washed  twice  with  cold  water  and  dried;  25.3  g,  m.p. 
125-200°C.  This  crude  material  was  dissolved  in  130  ml  of  boiling  95% 
ethanol  and  the  solution  chilled  overnight  at  -15°C;  19.5  g (28%),  m.p. 
215-220'’C.  This  material  was  suitable  for  the  following  experiment. 
Ochlai  and  Mlyaki^'^  reported  m.p.  220°C;  they  performed  the  condensation 
at  120-130°C  with  anhydrous  zinc  chloride  and  no  solvent. 


7-Acetamido-l ,2, 4-trlmethyl-l , 2 , 3,4-tetrahydro-l ,8-naphthyr id ine 

This  compound  was  made  in  72%  yield  from  the  previous  material  using 
the  same  sequence  of  reactions  described  above  for  the  corresponding 
dimethyl  derivative:  acetylation,  methylation,  and  hydrogenation.  The 

white,  felted  needles  after  recrystalllzatlon  from  cyclohexane  melted 
152. 5-153. 5°C. 

AjiaL.  Calcd.  for  Ci3H]9N-)0:  C,  66.92;  H,  8.21;  N,  18.01.  Found: 

C,  67.03;  H,  8.52;  N,  17.84. 


E.  Ochlai  and  K.  Miyaki.  "Synthese  von  1 .8-Naphthyrldin-Homologen 
iind  Ihre  Hydrlcrung,"  t'hem.  Bcv.,  Vol.  74  (1941),  p.  1115. 
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7-1-^ t h V 1 - 1 , 2 , 3_j_4 -tetrahydro -J_,  8-naph t hyr  1 d i n _( 2_) 

The  previous  compound  (3.2  g)  was  heated  for  18  hr  on  the  steam  bath 
with  40  ml  of  f>N  hydrochloric  acid.  Tlie  cooled  solution  was  neutralized 
with  25%  aq . sodium  hydroxide;  the  orange  oil  which  separated  soon  crystal 
lized.  It  was  removed,  washed  with  water  and  dried;  2.66  g (100%),  m.p. 
143-145‘’C.  Recrystallization  1 rom  8:2  cyclohexane-benzene,  with  carbon 
decolorizat ion,  gave  white  grains,  m.p.  146-148“C. 

Calcd.  for  CnHi.NoO;  C,  68.71;  H,  8.39;  N,  14.57.  Found: 

C,  68.20;  H,  8.67;  N,  14.52." 

7 - Ami  no- 1 ,2,4-trlmethyl-l  ,2,3,^-tet  rahydro-1  ,8-naj>ht  hy_r_id_ine 


The  viscous  oil  recovered  from  the  alk.ilinc  hydrolysis  ol  the  corres- 
ponding 7-acetamido  compound  was  used  without  further  purification. 


SYNTHESIS  OF  AZACOllM/iKINS  AND  A7.AQU I NOI.Ut  ES 


2-0XO-6 _t9-djane t hyJj-^-t  r i f 1 uo r lyme t hy  1-6,7, 8 , 9 - 1 e t rahydro- 
27/-py rano  [ 2 , 3-7;  ] [ 1,8]  napht  hy  r i d i ne 

The  following  procedure  is  typical  of  that  used  to  prepare  the  various 
azacoumarins . 7-Hydroxy-l  , 4-d  ime  t hy  1 -1  ,2,3,4-tet  r.iiivdro-l  , 8-naph  t hyr  id  ine 
(0.19  g) , 1.2  ml  of  ethyl  trif luoroacetoacetate,  50  mg  of  anhydrous  zinc 
chloride,  and  10  ml  of  absolute  ethanol  were  refluxed  for  40  hr.  The 
cooled  solution  was  poured  with  stirring  into  50  ml  i)f  water  plus  3 ml 
of  hydrochloric  acid;  the  yellow  precipitate  was  filtered,  washi'd  with 
water,  and  dried  (0.31  g,  95%).  Solvent  used  for  recrystallization, 
melting  point,  fluorescence  data  and  analytical  data  are  summarized  in 
Table  1.  The  nmr  spectral  data  (CDCI3  100  MHz)  on  the  analogous 
6,8,9-trimethyl  derivative  are:  6l.37(d,  6H,  CH3CH),  1.47(m,  IH,  H,b), 

2.10(dt,  IH,  Hya,  ^ = 13  Hz,  J = 4 Hz),  2.80(m,  111,  H,  ) , 3.20(s,  311,  NCII3) 
3.70(m,  IH,  Hh),  6.38(s,  IH,  H3),  7.41(q,  111,  H5,  dp, -CF , = ' ‘ ^ • 

2-0xo-6,9-dimcthyl -4-trif luoromethyl-1 ,2,6,7 ^8 , 9-hexahyd ro^- 
pyr ido [ 2 , 3-b ] [ 1 , 8 ] na phthyri dine 

This  is  a representative  procedure  for  making  aza<|uino1ones.  7-Amino- 
1 , 4-dlmethy 1- 1 , 2 , 3 ,4-tet rahydro-1 , 8-naphthyr id  1 ne  (0.9  g)  and  1.0  g of 
ethyl  tri f luoroacetoacetate  were  heated  at  145-165°C  for  18  hr.  The 
cooled,  semisolid  mass  was  slurried  with  5 ml  of  ether,  filtered  and 
washed  with  more  ether;  1.3  g,  m.p.  225-230'’C,  wet  200°C.  Other  data 
are  found  in  Table  1.  Ml  nmr  (CDClt,  100  MHz):  (Sl.30(d,  311,  CH,CH, 

.1  = 7 Hz),  1.74(m,  111,  Hy  or  Hy  ),  1.89(m,  H,  Hy  or  Hy  ),  3.92(m,  IH,  H, 

a ' h 'a  ' b 
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3.20(s,  3H.  NCH^),  3.49(t,  2H,  Hh,  J = 6 Hz),  6.62(s,  IH,  H3), 
7.4()(<l,  IH,  H , =~1-5  Hz),  9.40(broad  s,  IH,  NH)  . 

RELATED  COMPOUNDS 


7 i no-4-mcthy 1 -2-pheny 1 ,8-naphthyridine 

2 , 6-Diaminopyr id ine  (16.4  g,  0.15  mole),  24  g of  benzoylacetone , 75  ml 
of  acetic  acid  and  1.5  ml  of  9b7,  sulfuric,  acid  was  refluxed  with  stirring 
for  24  hr.  The  solution  .was  poured  slowly  with  stirring  into  50  g of 
sodium  hydroxide  in  250  ml  of  water;  the  temperature  was  held  20-30°C 
by  cooling.  The  tan  solid  was  filtered,  washed  well  with  water  and  dried; 

21.8  g.  One  recrystallization  from  100  ml  of  95%  ethanol  gave  6.9  g of 
coarse  needles,  m.p.  65-190°C;  a second  recrystallization  from  50  ml  of 
ethanol  furnished  2.1  g (6%)  of  the  title  compound,  m.p.  253-255°C. 
nmr  (CDCI3  + DMSO-df^,  60  MHz):  52.67(s,  3H,  CH3) , 6.20(broad  exchange- 

able s,  211,  NH2),  6.92(d,  IH,  H-,,  J = 9 Hz),  7.58(d,  IH,  H^,),  7.50(m,  3H, 
meta  and  para  protons  on  Cj^Hq),  8.30(m,  2H , ortho  protons  on  Cf,H5)  . 

Anal.  Calcd.  for  C;r,Hj3N2:  C,  76.57  ; H,  5.57;  N,  17.86.  Found: 

C,  76.99;  H,  5.62;  N,  17.96.  I 

I 

From  the  aqueous  mother  liquors  from  which  the  above  compound  had  been  ^ 

isolated  there  was  recovered  upon  cooling  6.3  g of  an  off-white  solid.  | 

Recrystallization  from  water  gave  felted,  white  needles,  melting  in  part  j 

190-192°C,  the  balance  205-207°C.  The  ^H  nmr  suggested  a mixture  of  j 

tautomeric  and/or  isomeric  dlacetyldiaminopyridines . , 

Anal.  Calcd.  for  CqHiiN302'  21.76.  Found:  N,  21.54. 


2-0XO-6, 9-dlmethy 1 -8-phenyl -4- tri fluorome thy 1-6 ,7,8,9- 
tetrahydro-2.^-pyranor2,3-t.']  | 1,8  Inanhthvridine 

7-Amino-4-methyl-2-phenyl-l,8-naphthyridine  (2.0  g)  was  mixed  with 
4 ml  of  acetic  anhydride;  the  solution  was  allowed  to  stand  1 hr  at  25°C, 
refluxed  for  3 hr,  cooled,  and  diluted  with  15  ml  of  water.  After  the 
excess  anhydride  liydrolyzcd,  the  solution  was  made  slightly  basic  with 
25%  aqueous  sodium  hydroxide  (cooling  list'd).  The  precipitated  solid  was 
filtered,  washed  well  with  cold  water  and  dried;  2.3  g (98%),  m.p.  209.5- 
210. 5“C  after  partial  melting  and  resol idification  at  150-160°C. 

All  of  the  above  amide  was  refluxi'd  for  8 hr  in  25  ml  of  dry  aceto- 
nitrile with  1.6  g of  methyl  f'-t  o I iienesu  If  onat  e . Cooling  and  addition 
of  a largo  excess  of  ether  yi<‘ldod  3.34  g (88.5%)  of  a blue-purple  solid. 

The  salt  in  25  ml  of  acetic  acid  containing  3 g of  ammonium  acetate  was 
hydrogenated  over  0.1  g of  PtO  at  an  initial  pressure  of  50  psi  (344.8  kPa) ; 
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the  theoretical  amount  (2  mole  equivalents)  was  rapidly  absorbed.  The 
catalyst  was  removed,  washed  with  3 ml  of  acetic  acid,  and  two  10-ml 
portions  of  water;  the  combined  filtrates  were  evaporated  to  thick  syrup 
which  was  then  dissolved  in  75  ml  of  65%  ethanol  and  made  basic  with  25% 
aqueous  sodium  hydroxide.  Water  (75  ml)  was  added  to  precipitate  the 
product  which  was  filtered  off  after  overnight  cooling  at  5°C.  After 
washing  with  cold  water,  the  wet,  crude  7-acetamido-l,4-dimethyl-2-phenyl- 

1.2.3.4- tetrahydro-l,8-naphthyridine  was  heated  overnight  on  the  steam 
bath  with  30  ml  of  6N  hydrochloric  acid.  Cooling,  followed  by  careful 
neutralization  with  sodium  hydroxide  solution,  furnished  1.2  g of  the 
7-hydroxy  derivative.  The  latter  (a  pale  orange  powder)  melted  at  211- 
213°C  after  one  recrystallization  from  60  ml  of  95:5  benzene-ethanol. 

nmr  (CDCI3,  60  MHz):  6l.30(d,  3H,  CH3CH,  J = 6.5  Hz),  1.6-2.6(m,  3H, 

H3,  H3,  H4),  3.10(s,  3H,  NCH3),  4.72(dd,  IH,  Hp , J = 4Hz,  J = 10  Hz), 

6.19(d,  IH,  H5,  J = 9.5  Hz),  7.43(s,  5H,  C^Hs) , 7.60(d,  IH,  Hr,  J = 9.5  Hz), 
12.1 (broad  s,  IH,  OH,  or  NH) . 

A solution  consisting  of  0.7  g of  the  7-hydroxy-l,4-dimethyl-2-phenyl- 

1.2.3.4- tetrahydro-l,8-naphthyridine,  3 ml  of  ethyl  trif luoroacetoacetate, 

20  ml  of  abs.  ethanol  and  0.47  g of  anhydrous  zinc  chloride  was  refluxed 
for  64  hr.  After  cooling,  the  solution  was  diluted  with  20  ml  of  water 
plus  1 ml  of  cone,  hydrochloric  acid.  The  yellow  solid  which  precipitated 
was  filtered,  washed  with  water  and  dried;  0.24  g (23%).  Other  data  can 
be  found  in  Table  1.  The  position  of  the  phenyl  group  in  this  compound 
was  assigned  on  the  basis  of  the  analysis  of  the  Hi  nmr  spectrum  of  its 
precursor  and  of  the  following  sulfonated  derivative. 


(jH3 


The  vellow  solid  was  sulfonated  with  20%  oleum  (15-20°C,  4 hr). 

After  quenching  on  ice,  neutralizing  with  sodium  bicarbonate  and  evaporat- 
ing the  solution  to  dryness,  the  sulfonate  was  extracted  with  boiling 
ethanol.  The  product  crystallized  from  the  cooled  extracts  upon  the 
addition  of  diethyl  ether  (40  ethanol  - 30  ether).  Pl(max),  H,0:  473  nm 

(excited,  390  nm) . The  phenyl  group  was  assigned  to  the  8-posit  Ion  rather 
than  the  6-posltion  based  on  the  following  ^H  nmr  evidence:  the  downfield 

methlne  proton  again  appeared  as  a quartet  (splitting  by  the  H/  axial  and 
Hy  equatorial  protons)  rather  than  a very  complex  multiplet  one  would  ex- 
pect if  a methyl  group  were  in  the  8-posit  ion. 

Anal.  Calcd.  for  C20H1  (,F3N205SNa- 2 . 5 HpO:  F.  10.93;  N,  5.37;  S,  6.15. 

Found:  F,  10.96;  N,  5.27;  S,  6.18. 
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7-Acetainldo-2 , A-dlmethyl-5,6,7 ,8-tetrahydro-l . 8-naphthyridlne 
and  2 ,4-dime thy 1-5 ,6,7, 8-tetrahyd ro-1 ,8 -naphthyr Idlne 

7-Acetamldo-2 ,4-dimethyl-l , 8-naphthyridlne  (5.6  g)  was  hydrogenated 
over  platinum  oxide  (0.12  g)  In  acetic  acid  (70  ml)  containing  ammonium 
acetate  (10  g) ; about  5 hrs  were  required  to  absorb  the  theoretical 
amount  of  hydrogen.  The  basic  product  recovered  in  the  usual  manner  was 
a gum;  extraction  with  boiling  benzene  left  a poorly  soluble  white  solid, 
wetting  at  190°C  and  melting  197-19B°C.  Cooling  the  benzene  extracts 
yielded  white  crusts  also  melting  193-197°C.  The  nmr  on  this  solid 
indicated  reduction  of  the  pyrido  ring  possessing  the  acetamido  group 
rather  than  the  one  with  the  methyl  groups;  the  methyl  signals  were 
sharp  singlets,  rather  than  the  doublets  (J  = 6-7  Hz)  normally  seen  when 
the  methyl-containing  ring  was  reduced. 

Anal.  Calcd.  for  C12H17N3O:  C,  65.72;  H,  7.82;  N,  19.16;  mol.  wt . , 

219.28.  Found:  C,  65.90;  H,  7.88;  N,  19.04,  19.14;  mol.  wt . (mass 

spec.),  219. 

Wliat  appears  to  be  another  epimer  was  isolated  in  low  yield  from 
another  experiment;  flat  needles,  m.p.  155-160°C  after  recrystallization 
of  1:1  benzene/cyclohexane.  The  IR  spectrum  was  different  than  that  for 
the  above  compound.  Its  picrate  melted  163-164°C  after  recrystallization 
from  ethanol. 

Anal.  Calcd.  for  C18H20N6O8:  C,  48.21;  H,  4.50;  N,  18.75.  Found: 

C,  48.14;  H,  4.82;  N,  18.58. 

Evaporation  of  the  benzene  mother  liquors  left  a low  melting  solid 
which  was  recrystallized  several  times  from  ^-hexane;  flat  needles,  m.p. 
115-116°C.  No  amide  carbonyl  was  present  in  the  IR  spectrum.  The  nmr 
indicated  that  this  compound  was  2 , 4-dimethyl-5 , 6 , 7 ,8-tetrahydro-l , 8- 
naphthyridine,  which  resulted  from  the  hydrogenolysis  of  the  acetamido 
group.  1h  nmr  (CDCI3,  100  MHz) : 6l . 8-2 . 2 (multiplet , 2H,  Ho,  He); 

2.10(s,  3H,  4-CH3),  2.27(s,  3H,  2-CH3) , 2.70(t,  2H,  H5,  H5,  J = 6 Hz), 
3.35(sextet,  2H,  Hy,  Hy,  dugHy  ~ ^ ’ '^NH-Hy  “ collapses  to  a 

triplet  when  exchanged  with  020),  4.72(broad,  exchangeable  peak,  IH,  NH) , 
6.28(s,  IH,  H3). 

Anal.  Calcd.  for  C10H14N2;  mol.  wt.,  162.23.  Found:  Mol.  wt. 

(mass  spec.),  162. 

7 -Ace tarn id  o-l -carboethoxymethylene-2,4-dimethyl- 

1 . 2. 3.4- tet  rahydro-1 ,8-naphthyridine 

The  reaction  product  (9.4  g)  of  ethyl  bromoacetate  and  7-acetamldo- 

2 . 4- d Imethy 1 -1 , 8-naphthyr idine  was  hydrogenated  by  the  same  procedure 
used  for  the  analogous  methyl  compounds.  Work-up  in  a similar  manner 


<1 
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gave  5.3  g (71%)  of  crude  product,  m.p.  100-104“C.  One  recrystall ization 
from  n-hexane  gave  pale  yellow  blades,  m.p.  110-111°C. 

Anal.  Calcd.  for  CK5H23N3O3:  C,  62.93;  H,  7.59;  N,  13.76.  Found: 

C,  62.94;  H,  7.57;  N,  13.69. 

The  crude  7-hydroxy  compound  obtained  by  acid  hydrolysis  was  used  for 
the  preparation  of  the  azacoumarln  without  purification. 


7-Acetamido-2 ,4-dimethyl-l ,8-naphthyr idine  Hydrobromide 

After  recrystalllzatlon  from  acetonitrile  this  salt  decomposed  252- 
254°C. 

Anal.  Calcd.  for  C; 2^1 4BrN30-H20:  Br,  25.43;  N,  13.37:  Found: 

Br,  25.59;  N,  13.29. 


7-Acetamido-l-benzyl-2 , 4-dlmethyl-l , 8-na p h thy rldine  Chloride 

7-Acetamido-2 ,4-dimethyl-l , 8-naphthvr idine  (6.45  g) , 4 g of  benzyl 
chloride  and  80  ml  of  dry  acetonitrile  were  refluxed  for  88.5  hours. 
Complete  solution  was  never  attained.  After  cooling  to  5°C  the  solid 
was  removed  and  washed  with  four  50-ml  portions  of  ether;  5.3  g (82%) 
of  starting  amide.  Cooling  the  combined  filtrate  and  ether  washings 
yielded  1.2  g (11%)  of  the  title  compound.  Recrystallization  from 
ethanol-ether  gave  dark  green  crusts;  m.p.  185-190“C  (dec).  nmr 

(DMSO-de,  60>fflz):  62.23(s,  3H,  CH3CO) , 2.92(s,  6H,  CH3O , 6.49(s,  2H, 

CH.),  7.39(s,  5H,  Cells) , 8.10(s,  IH,  H3),  8.64(d,  IH,  H5,  J = 9 Hz), 
9.08(d,  IH,  He,  J = 9 Hz),  11.90(s,  IH,  NH) . 

Anal.  Calcd.  for  Cj 9H2 0CIN3O • 1 . 5 H2O:  Cl,  9.61;  N,  11.39.  Found: 

Cl,  9.75;  N,  11.46. 
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Disod lum  3- (b- [ 2 , 4-Dlmethyl-l-carboxymet liylene-7- hydroxy-1 , 2,3,4- 
teCrahydro-1 , 8-naphthyr Idyl] ) 4,4,4-Trlf luorocrotonate  and  Sodium 
2-0XO-6 , 8-d  tmethy 1 -9-car boxyme thy lene-4-t rlf luoromethy l-6,7,8,9- 
tetrahydro-2//-pyrano[2,3-7>l  [ 1 , 8 ] napht hyrtd ine 


qO.^Na 

H CH  , 
c I d 


OH 


2-Oxo-6,8-dlmethyl-9-carboethoxymethylene-4-trifluoromethyl-6,7,8,9- 
tet rahydro-27/-pyrano [ 2 , 3-i ] [ 1 , 8 ] -naphthyr idine  (0.5  g)  was  dissolved  in 
a solution  consisting  of  0.9  g of  sodium  hydroxide  in  10  ml  of  50%  ethanol 
and  allowed  to  stand  overnight  at  2°C.  The  solution  was  diluted  with  5 ml 
of  ethanol,  made  acid  with  2 ml  of  cone,  hydrochloric  acid;  after  stand- 
ing 4 days  at  r.t.,  20  ml  of  water  was  added  and  the  pH  adjusted  to  neutral 
with  sodium  bicarbonate.  The  small  amount  of  insoluble  which  remained  was 
removed  and  the  filtrate  evaporated  to  dryness.  The  residue  was  extracted 
twice  with  30-ml  portions  of  boiling  95%  ethanol;  the  combined  extracts 
were  cooled  to  25°C,  refiltered,  then  cooled  for  several  days  at  5°C. 

Almost  colorless  crystals  of  the  first  compound  slowly  formed;  they  were 
removed,  washed  with  cold  ethanol,  then  ether,  and  dried.  Addition  of 
ether  to  the  mother  liquors  until  a permanent  turbidity  developed,  followed 
by  further  cooling  gave  more  of  the  same  compound;  the  filtrate  was  saved 
(see  below).  A solution  of  this  solid  in  water  was  only  very  weakly 
fluorescent  (probably  contamination  by  the  following  compound).  ^H  nmr 
(D2O,  100  MHz):  6l.20(d,  3H,  4-CH3,  J =~6.5  Hz),  1.25(d,  3H,  2-CH3, 

,J  = -6.5  Hz),  1.45(dd,  IH,  H3a,  Jsaab  = 13.5  Hz,  JjaHx  = H Hz),  2.04(dt, 
IH,  H3(j,  J3a3b  = 13.5  Hz,  J3bHx  " 33bHy  “ ^ Hz),  2.67(m,  IH,  H4),  3.58(m, 
IH,  H2),  3.87(d,  IH,  He,  Jh^Hj  = 18  Hz),  4.07(d,  IH,  Hd,  -Ih^h^  = 18  Hz), 

6.75(q,  IH.  He,  3cF3-He  = 1-8  Hz),  7.31(s,  IH,  H5) . 


Anal.  Calcd.  for  C; eHi 5F3N2O4 • H2O:  C,  44.04;  H,  3.93;  F,  13.06; 

N,  6.42.  Found:  C,  44.80;  H,  3.99;  F,  12.86;  N,  6.42,  6.35. 

The  alcohol-ether  mother  liquors  from  above  were  evaporated;  the 
residue  was  slurried  with  10  ml  of  2-propanol,  filtered,  and  the  filtrate 
treated  with  50  ml  of  ether.  The  off-white  solid  which  precipit.ated  was 
removed  and  dried.  An  aqueous  solution  fluoresced  at  498  nm  (excited 
400  nm).  ^H  nmr  (D2O,  100  MHz):  6l.l7(d,  3H,  6-CH3,  3 = 6.5  Hz). 
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1.28(d,  3H,  8-CH3,  J = 6.5  Hz),  l.AO(m,  IH,  873,  J?a7b  = lA  Hz),  2.0A(m, 
IH,  H7  , -l7a7b  = Hz).  2.66(m,  IH,  Hg),  3.7A(m,  IH,  H«),  A.OO(d,  IH, 
He.  JHcHd  = 17.5  Hz),  A.51(d,  IH,  Hj,  dRcHd  = 17.5  Hz),  6.28(s,  IH,  H3), 
7.29(q,  IH,  Hs,  JCF3-H5  = 1-5  Hz). 

The  result  was  essentially  the  same  when  some  of  the  ethyl  ester  was 
hydrolyzed  in  80%  sulfuric  acid  at  25°C.  Quenching  in  ice,  followed  by 
neutralization  with  sodium  bicarbonate  and  isolation  as  above,  gave 
largely  the  non-fluorescing  substituted  crotonate. 
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